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Glutathione is a vital compound involved in several plant metabolic pathways. In plant, it exists in both 
reduced (GSH) and oxidized (glutathione disulphide; GSSG) forms. Previously, Nakamura et al. (in press) found 
that foliar GSH application can increase zinc (Zn) levels in leafy vegetables. Zn deficiency in human is widespread 
and is particularly evident in regions where the major protein sources are derived from plants. Therefore, foliar GSH 
application may be a novel method of agronomic biofortification of Zn in leafy vegetables.  To date, however, there 
is no molecular evidence indicating that the role of GSH involved in the shoot Zn accumulation when the metal is 
not in excess. The objectives of this study were therefore (1) to investigate the effects of endogenous- and exogenous 
enhancement foliar GSH on Zn behaviors in plants using the model plant Arabidopsis, and (2) to investigate the 
effect of enhancement GSH transport through the phloem on Zn behaviors in plants using the model plant 
Arabidopsis. 
To determine the mode of action of GSH as it effects on Zn transport from roots to shoots, two types of 
transgenic Arabidopsis plants with genes for GSH synthesis, including StGCS-GS from Streptococcus thermophilus 
or AtGCS from Arabidopsis thaliana driven by the leaf-specific promoter of chlorophyll a/b-binding protein 
(pCab3) gene were generated. Both types of transgenic Arabidopsis plants showed significant increases in shoot 
glutathione contents compared to the wild type (WT). Monitoring 65Zn movement by positron-emitting tracer 
imaging system (PETIS) analysis indicated that the 65Zn amount in the shoots of both types of transgenic 
Arabidopsis plants were higher than that in the WT. Glutathione content in phloem sap was increased significantly 
  
 
 
in WT with foliar applications of 10 mM GSH (WT-GSH), but not in transgenic Arabidopsis with elevated foliar 
GSH synthesis. Both types of transgenic Arabidopsis with elevated foliar GSH synthesis and WT-GSH exhibited 
increased shoot Zn contents and Zn translocation ratios. These results suggest that both enhancement of endogenous 
foliar GSH synthesis and exogenous foliar GSH application affect root-to-shoot transport of Zn. 
Molecular genetic data showed that transgenic Arabidopsis with elevated foliar GSH synthesis under non-
excessive Zn conditions specifically enhances Zn transport into shoots. Therefore, further studies are necessary to 
emphasize the important relationship between transport of GSH and an increase in shoot Zn levels. The Arabidopsis 
oligopeptide transporter AtOPT6 is a membrane transport protein that mediates transport of glutathione. In this 
study, the role of AtOPT6 in glutathione distribution throughout the plant was investigated. The results of real-time 
PCR analysis showed that transgenic Arabidopsis overexpressing AtOPT6 under the control of a phloem-specific 
promoter of sucrose-proton symporter 2 (pSUC2), remarkably increased AtOPT6 transcript levels, ranging from 30- 
to 40-fold in shoots and 6- to 10-fold in roots, relative to the WT. AtOPT6-overexpressing lines could elevate the 
foliar glutathione content; however, glutathione content in the phloem did not change. The ratio of shoot glutathione 
content to total glutathione content increased in AtOPT6-overexpressing lines, but not in transgenic Arabidopsis 
with elevated foliar GSH synthesis. These results indicate the possibility that loading and unloading of glutathione 
in phloem tissues are enhanced in AtOPT6-overexpressing lines under the control of pSUC2. The results of heavy 
metal analysis revealed that transgenic Arabidopsis overexpressing AtOPT6 under the control of pSUC2 could 
promote the transport of Zn into shoots as effectively as transgenic Arabidopsis with elevated foliar GSH synthesis, 
or WT plants with exogenous foliar application of GSH.  
